. Third, in a number of cases (8, 9, 32) peptide liples are provided to guide scientists who wish to identify peptide gands have been isolated for cell surface receptors that ligands to their favorite proteins. ᭧ 2001 Academic Press have agonist activity, even though the peptides are much smaller than the native hormones and share no sequence similarity. Fourth, the peptides can serve as displaceable probes that one can use to format highOne fruitful method of mapping protein-protein in-throughput screens of small molecule libraries for drug teractions is to screen phage-displayed combinatorial discovery (33, 34) . peptide libraries for peptide ligands. Only a modest amount of time, effort, and resources are needed to screen a library displaying a billion different peptides GENERAL CONSIDERATIONS by affinity selection. Peptide ligands have been isolated to a wide array of proteins, such as 14-3-3 proteins (1, In this article, we present simple, step-by-step proto-2), calmodulin (3) (4) (5) , cell surface receptors (6-10), EH cols for screening phage-displayed combinatorial pepdomains (11-13), heat-shock proteins (14, 15) , integrins tide libraries. Many types of protein targets, including (16), PDZ domains (17, 18) , SH3 domains (19) (20) (21) , vasenzymes (34, 35) , have been used successfully to affinity cular endothelial growth factor (VEGF) (22, 23), viral select binding phage. In our hands, we routinely isolate proteins (24, 25), and WW domains (26, 27) , to name a peptide ligands to approximately one-half of the targets few. Phage-displayed combinatorial peptides are also we test, with only a modest investment of time (1-3 very useful in mapping the epitopes of both monoclonal weeks) and material (100-500 g). When successful, and polyclonal antibodies (28, 29) .
the selected peptides can be used to probe blotted SDSOnce peptides have been isolated they can be used polyacrylamide gels (36, 37), screen cDNA expression for a variety of purposes. First, the primary structures libraries (38) , and affinity select proteins from complex of the selected peptides often resemble the primary mixtures (39) . structure of the natural interacting partner of the proWhile peptides have been displayed on several of the tein target. We have termed this phenomenon "convercapsid proteins of bacteriophage M13, proteins III and gent evolution" (30) . Therefore, a useful approach for VIII are the most popular fusion partners. Protein III mapping protein-protein interactions can be to isolate (pIII) is a minor capsid protein, present in five copies at one end of the filamentous particle, where it functions display of peptides or proteins at the N terminus of pIII 3 mM KCl, 8 mM Na 2 HPO 4 1. While bacteriophage M13 is well suited to the display of exogenous peptides and proteins as fusions to its capsid proteins, it is also possible to use bacteriophage lambda () (47, 48) or T7 (49) as display vectors. Peptide ligands to various protein targets have been identified from ribosome-displayed libraries (50-52), peptides immobilized on plastic beads (53) or crowns (54), or libraries of soluble peptides (55) . However because of its simplicity, minimal cost, and ease of manipulation, (56) , bacteriophage M13 has proven to be an extremely popular and useful vector system for selecting peptide ligands from combinatorial libraries (Fig. 1 
Immobilization of Targets onto ELISA-Ready Microtiter
Plates Affinity Purification of Binding Phage: Second and Third-1. Add 1-10 g of target protein(s) in 100 L 100 Round Panning mM NaHCO 3 (pH 8.5) onto microtiter wells of three ELISA-ready plates. (Plate 1 will be used in the first-Second Round round panning, while plates 2 and 3 will be used for 9. Collect the amplified phage by spinning out cells the second and third rounds, respectively.) Use a control at 4ЊC, 4000g for 10 min and transfer the phage supertarget protein, such as streptavidin or a GST fusion natant to a new tube (4-mL Falcon). protein to the Src SH3 domain. Leave a space between 10. Wash the wells of the second plate three times different targets to prevent cross-contamination.
with PBS-0.1% Tween 20 by flicking the wash solution 2. Seal the wells with tape to avoid evaporation, and into the sink. Remove residue liquid by slapping the incubate the plates at room temperature for 1 h. Use dish against a clean Kimwipe. Add 150-200 L amplieither strips of Scotch Tape to cover individual wells, fied phage (ϳ10 10 PFU) from the first-round panning or microtiter plate-sized tape or plastic wrap to cover to each well. the entire plate.
11. Seal the wells and incubate the plate at room 3. Add 150 L blocking solution to each well to block temperature for 2 h. nonspecific binding. Seal the wells with tape and incu-12. Wash the wells five times as described in step 10. bate the first plate at room temperature for 1 h. (21) , the Crk SH3 domain binding phage were isolated from a x 6 PxxPx 6 library (59), and the troponin C phage were isolated from a 12-mer combinatorial library (60). The flanking sequences in the 22-mer isolates and the fixed prolines in the x 6 PxxPx 6 library are underlined. The sequences have been aligned with gaps to highlight the consensus (shown below) for each set of peptide ligands, with x denoting any amino acid. 
